CONVERSION TABLE
The following factors may be used to convert the inch-pound units used in this report to metric (International System) units. 
Multiply inch-pound unit

INTRODUCTION
Purpose and Scope
Estimates of flood frequencies and magnitudes are useful for planning and designing culverts, bridges, drainage systems, and for effective flood-plain management. This report provides a method for estimating the frequencies and magnitudes of floods of ungaged urban streams in Wisconsin.
Multiple-regression techniques were used to develop flood-frequency equations by relating flood frequency and magnitude characteristics for 32 sites to basin characteristics, such as drainage area and impervious area ( fig. 1) . The resulting equations can be used to estimate flood magnitudes of urban streams that lack significant diversion or regulation. The equations apply only to urban streams. Flood discharges for rural Wisconsin streams can be estimated using the techniques described by Conger (1981) .
Annual peak data from 19 urban crest-stage gages with at least 12 years of record and annual synthesized long-term peaks from 13 urban rainfall-runoff gaging stations were included in the analysis to develop regional floodfrequency equations for urban areas in Wisconsin. Flood-frequency characteristics were estimated for these sites by the log-Pearson type Ill method described in the U.S. Water Resources Council Bulletin 178 (1981) . 
FLOOD CHARACTERISTICS
The flood discharges presented in this report are the 02, Os, O,o, 02s, Oso, and O,oo. These are discharges at the 2-, 5-, 10-, 25-, 50-, and 1 00-year recurrence intervals. Flood discharges are increased by the impervious area associated with urbanization. The lower flood frequencies usually have a significant increase in flood discharge as urbanization increases but the higher flood frequencies may have only a minor increase in flood discharge -tor the same situation. For example, when the drainage basin of the North Fork Pheasant Branch at Airport Road changed from a rural to a completely urbanized condition, the magn~tude of the 2-year flood increased by 224 percent, whereas the magnitude of the 100-year flood increased by only 30 percent (Krug and Goddard, 1985) .
Factors that affect urban flood discharges are conditions of the drainage channel, such as concrete-lined channels, presence and size of storm-sewer pipes, and size of drainage structures, such as culverts and bridges. Streams with concrete channels and connecting storm-sewer pipes can convey water faster than natural channels. These streams have the greatest effect on the lower flood frequencies. Water starts to go into storage when the channels and storm-sewer pipes are full and overflowing during the higher flood frequencies. This diminishes flood peaks because of constrictions created by storm-sewer pipes and culverts.
DATA COLLECTION
Data needed to develop the urban flood-frequency relations for this report were collected at 32 gaged urban sites in Wisconsin. Rainfall and runoff data, for use in a rainfall-runoff model, were obtained at 13 of these sites. The remaining 19 sites are instrumented with crest-stage gages that are maintaint3d by the Milwaukee Metropotitan Sewerage District. The U.S. Geological Survey obtained discharge measurements at these sites and developed stagedischarge relations. Annual peak discharge data for the 32 urban sites are listed in tables 1 and 2.
Additional long-term records were used in the U.S. Geological Survey Distributed Routing Rainfall-Runoff
Model-Version II (Atley and Smith, 1982) to extend the records for the 13 rainfall-runoff stations. Long-term daily precipitation data and storm rainfall data at 5-minute intervals were obtained from the National Oceanic and At- 
RAINFALL-RUNOFF MODELING
Long-term records of synthetic flood peaks were generated by the U.S. Geological Survey Distributed Routing Rainfall-Runoff Model-Version II (Alley and Smith, 1982) . The model was used to simulate flood-peak data at 13 urban gaging stations where concurrent rainfall and runoff data were collected. Flood hydrographs were generated by the rainfall-runoff model for each station by using daily rainfall, daily evaporation, and unit discharge-rainfall data. The model consists of rainfall-excess components and routing components. The rainfall-excess components are soilmoisture accounting, pervious-area rainfall excess, impervious-area rainfall excess, and parameter optimization. The routing components are channel and overland-flow segments, reservoir segments, and nodal segments. The modet has seven parameters-four control soil-moisture accounting and three control infiltration.
The model was calibrated using concurrent values of unit streamflow and unit precipitation, daily precipitation, and daily pan evaporation. The seven parameters are determined by an optimization process. Figure 2 is a plot of observed and simulated hydrographs for Fisher Creek tributary at Janesville and figure 3 is a plot of simulated peak discharges versus observed peak discharges for this site. The standard error of estimate for the plot in figure   3 is 26.5 (ft 3 /s).
A long-term series of flood peaks were simulated using the final optimized parameters with 67 to 83 years of long-term rainfall and evaporation data. Long-term rainfall and evaporation data used in the synthesis were selected according to the location of the National Weather Service sites relative to the rainfall-runoff stations and a study of past storm patterns.
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FLOOD-FREQUENCY ANALYSIS OF GAGED STREAMS
Flood-frequency analyses are used to define the relation of flood-peak magnitude to probability of occurrence or to recurrence interval. Probability of occurrence is the percentage chance that a given flood magnitude will be equaled or exceeded in any one year. Recurrence interval is the reciprocal of the probability of occurrence times 100 and is the average number of years between occurrences. A flood having a probability of occurrence of 2 percent has a recurrence interval of 50 years. Recurrence intervals imply no regularity of occurrence; a 50-year flood may be exceeded in consecutive years or it might not be exceeded in a 50-year period.
Flood-frequency analyses were performed on the synthetic flood-peak data at each of the 13 rainfall-runoff stations and on annual peak data at each of the 19 crest-stage gages that had at least 12 annual flood events. 
ESTIMATING FLOOD-FREQUENCY CHARACTERISTICS AT UNGAGED SITES Basin Characteristics
Many factors influence the flood discharges that occur in a drainage basin. In this study eight factors or basin characteristics were obtained for each urban gaging station. Multiple-regression techniques were used to relate these drainage-basin characteristics (independent variables) to 2-, 5-, 10-, 25-, 50-, and 100-year flood discharges. The drainage-basin characteristics used in the multiple-regression analysis are listed in table 4 and are defined as follows:
1. Drainage area (A), in square miles, is the area contributing to surface runoff into the stream. This area can be planimetered from topographic maps or obtained directly from the Wisconsin drainage-area report (Henrich, 1986) . Special attention should be given to determining drainage area for storm-sewer networks that may not drain the same area as the natural drainage patterns. Failure to do this could result in inaccurate drainage-area determinations.
2. Main-channel slope (S), in feet per mile, is the slope of the stream between points that are 10 percent and 85 percent of the distance along the channel from the gaging station to the basin divide (determined from topographic maps). 5. Precipitation intensity index {124,2) (2-year, 24-hour rainfall), expressed in inches, is determined from U.S. Weather Bureau Technical Paper 40 (Hershfield, 1961) .
6. Soil permeability (SP), a measure of the rate at which water can infiltrate soil, expressed in inches per hour, is based on the least permeable soil horizon. The median rate is used for each soil-permeability range. The soil-permeability ranges were obtained from a soils table published by the U.S. Department of Agriculture, Soil Conservation Service (1964) . Soil permeability (SP) can be obtained by referring to a previous report (Conger, 1981 , plate 1 ).
7. Impervious area (I), expressed as a percentage of the drainage area, represents the total impervious area of the basin. The method used to determine impervious area for single-family residential areas is to determine the average impervious area for each dwelling (including the rooftop, driveway, and sidewalks) and also to determine the average street width. The total number of dwellings is then counted and the total length of streets is measured. The total impervious area is calculated by multiplying the number of dwellings by the average impervious area per dwelling, and the total length of streets by the average street width.
8. Undeveloped urban area (UUAJ, expressed as a percentage of the total drainage area, represents undeveloped urban drainage area. 
Accuracy and Limitations
The accuracy of the regression equations in tables 5 and 6 is expressed by the standard error of estimate, in percent. The standard error of estimate is a measure of how well the computed flood discharges agree with the observed flood discharges used to derive their regression equations. Approximately two out of three observed values fall within one standard error of estimate of the computed values. The standard error of estimate could be slightly different when modified methods are used for determining the basin characteristics such as percent of impervious area.
The regression equations are applicable for estimating the magnitude of floods for urban streams that lack significant regulation or diversion. Estimated flood discharges by regression equations should be compared to flood discharges determined from gaged basins with similar types of development wherever possible.
Alternative Method for Determining Impervious Area
An alternative method involving population density and using a table of typical impervious areas can be used to expedite th'e determination of impervious area. The basin can be divided into single-family residential areas, multiple residential areas, industrial areas, commercial areas, park areas, and other areas. Centerlines of streets and lot lines can be used to determine the boundaries. These land-use areas can be measured with a planimeter or digitizer. This information along with typical values (table 7) of impervious area for various land-use categories can be used to determine the total impervious area.
Instead of using I is total impervious area expressed as a percentage of the basin drainage area.
The values in table 7 represent average total impervious area for a specific land-use category. These values are based on general field observations, various urban flood-frequency reports, and values used by the Southeastern Wisconsin Regional Planning Commission. · Each urban area needs to be evaluated to ascertain the best procedure for determining impervious area. See the following application of equations for an example of determining percentage of total impervious area. 
